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ABSTRACT 


Volatile oils produced through steam distillation of Juniperus scopulorum were examined to 
establish essential oil yields and aromatic profiles from each portion of the tree, namely the trunk, limb, 
and leaf. The resulting essential oils were examined by GC-FID and GC-MS. Each plant portion exhibited 
a distinct aromatic profile. Trunk essential oil was prominent in cis-thujopsene, a-pinene, cedrol, allo- 
aromadendrene epoxide, (E)-caryophyllene, and widdrol, which averaged over all samples were 34.2%, 
20.5%, 18.9%, 4.3%, 2.4%, and 2.4%, respectively. Limb essential oil was primarily a-pinene (average 
82.4%) and leaf essential oil was primarily sabinene (average 66.9%). Complete profiles and yields are 
reported. Published online www.phytologia.org Phytologia 103(1): 10-17 (March 22, 2021). ISSN 
030319430. 
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The genus Juniperus consists of nearly 75 species (Adams and Schwarzbach 2013). Juniperus 
scopulorum Sarg., commonly called Rocky Mountain juniper, is generally a montane species that has a 
wide distribution throughout many states in the intermountain region of the United States (Cronquist et al. 
1972) and can be found in every county in the state of Utah (Welsh 1993). J. scopulorum is a dioecious 
species, though little variation in the essential oil profile of male and female trees has been observed (Adams 
and Powell 1976). Adams (2015) found that allopathic hybridization can occur between J. scopulorum and 
J. maritima in certain regions. However, Adams’ genetic study did not show this hybridization in Utah 
populations of J. scopulorum analyzed. 


The heartwood of J. scopulorum is red to purple in color and highly aromatic (Cronquist et al. 1972; 
Welsh 1993). The essential oil profile for J. scopulorum heartwood has previously been established as being 
prominent in cis-thujopsene (Adams 1987). Leaf oil is prominent in sabinene (Adams and Hagerman 1976, 
1977; Adams 2009; Zheljazkov et al. 2013, 2017) and exhibits a significant degree of variation in its 
aromatic profile. These differences are associated with various factors including diurnal variation (Adams 
and Hagerman 1977), seasonal variation (Powell and Adams 1973; Adams 1979), maturity and age of the 
leaf material (Adams and Hagerman 1976), and distillation time (Zheljazkov et al. 2013). 


J. scopulorum was a valuable medicinal plant among the Native Americans. The Blackfeet used an 
herbal tea made from the berries to deter vomiting, and the Cheyenne made an herbal tea from its leaves to 
treat both cough symptoms and as a sedative for hyperactive persons (Kindscher 1992). 


To the authors’ knowledge, the present study on J. scopulorum from Utah is the first to establish 
the complete aromatic profile for trunk and limb essential oils, and it confirms previously established 
aromatic profiles for leaf essential oils. Essential oil yields for each portion of the tree are also examined. 
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MATERIALS AND METHODS 


Juniperus scopulorum plant material was collected from privately owned land in Duchesne County, 
Utah. Trees (n=3) were cut approximately 20 cm above ground and each tree was meticulously divided into 
three sections, namely the trunk, limbs, and leaf, to determine weight, yield, and aromatic profile of each 
portion of the tree. The trunk is defined as limb/leafless sections including heartwood, sapwood, cambium, 
and bark. The limb is defined as leafless, 1-5 cm diameter sections nearest the trunk. The leaf is defined as 
green foliage with minimal woody material, often including small berries. Collection details are recorded 
in Table 1. Voucher samples which were used for identification are held in the Utah Valley University 
Herbarium (UVSC): J. scopulorum Sarg., Wilson 2020-01, -02, -03 (UVSC). 


Table 1. Collection details for each individual tree. 


C Juniperus scopulorum #1 Juniperus scopulorum #2 Juniperus scopulorum #3 


19 May 2020 15 June 2020 21 July 2020 


location 40°20°43”N 110°4513”W 40°20°44°N 110°45’0”"W 40°20°44”"N 110°4518”W 


elevation (m) 2371 2365 2370 


Portions of each tree were processed as follows for laboratory scale distillation: each mentioned 
portion of the tree was cut, chipped, bagged and stored at -20 2 °C until it was steam distilled. Steam 
distillation was performed in triplicate, resulting in 9 distillations per tree and 27 distillations over the course 
of this project. 


Laboratory scale distillation was as follows: 3 L of water added to the bottom ofa 12 L distillation 
chamber (Albrigi Luigi S.R.L., Italy), plant material accurately weighed and added to the distillation 
chamber, distillation for 2 hours from pass-over by direct steam, essential oil separated by a cooled 
condenser and Florentine flask. Essential oil samples were filtered and stored in a sealed amber glass bottle 
until analysis. 


Essential oils were analyzed, and volatile compounds identified by GC-MS using an Agilent 7890B 
GC/5977B MSD and J&W DB-5, 0.25 mm x 60 m, 0.25 um film thickness, fused silica capillary column. 
Operating conditions: 0.1 uL of neat sample, 150:1 split ratio, initial oven temperature of 40 °C with an 
initial hold time of 5 minutes, oven ramp rate of 4.5 °C per minute to 310 °C with a hold time of 5 minutes. 
The electron ionization energy was 70 eV, scan range 35—650 amu, scan rate 2.4 scans per second, source 
temperature 230 °C, and quadrupole temperature 150 °C. Volatile compounds were identified using the 
Adams volatile oil library (Adams 2007, pdf at www.juniperus.org) using Chemstation library search in 
conjunction with retention indices. Note that in all samples limonene/B-phellandrene and in some samples 
widdrol/cedrol elute as single peaks, but their amounts are determined by the ratio of masses 68 and 79 
(limonene), 77 and 93 (B-phellandrene), 151 (widdrol), and 150 (cedrol). Volatile compounds were 
quantified and are reported as a relative area percent by GC-FID using an Agilent 7890B and J&W DB-5, 
0.25 mm x 60 m, 0.25 um film thickness, fused silica capillary column. Operating conditions: 0.1 uL of 
sample (20% soln. for essential oils, 1% for reference compounds), 25:1 split ratio, initial oven temperature 
at 40 °C with an initial hold time of 2 minutes, oven ramp rate of 3.0 °C per minute to 250 °C with a hold 
time of 3 minutes. For quantification, compounds were identified using retention indices coupled with 
retention time data of reference compounds. 
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The percent yield was calculated as the ratio of mass of processed plant material immediately before 
distillation to the mass of essential oil produced, multiplied by 100. 


RESULTS AND DISCUSSION 


The aromatic profiles of the trunk, limbs, and leaf from three J. scopulorum trees are detailed in 
Table 2. Each reported value is an average from three samples distilled from that portion of the plant. 


Table 2. Aromatic profile of J. scopulorum trunk, limbs, and leaf essential oil of three trees. Each 
reported value below represents the average of three essential oil samples distilled from each portion (trunk, 
limbs, leaves) of the same tree. Compounds detected in one but not all samples are denoted as not detected 
(nd). Values less than 0.1% are denoted as traces (t). Unidentified compounds less than 1.0% are not 
included. KI is the Kovat’s Index using a linear calculation on DB-5 column (Adams 2007). Relative area 
percent is determined by GC-FID. Essential oil samples were analyzed in triplicate to ensure reproducibility 
(SD<1). 
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Essential oil samples were analyzed in triplicate to ensure reproducibility (standard deviation (SD) 
< 1 for all compounds). The different portions contain distinct essential oil profiles. Yields are detailed in 
Table 3. 
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Table 3. Distribution of mass and essential oil (EO) yield averaged from samples from three J. 
scopulorum trees. Each tree was cut 20 cm above ground; all measurements and calculations are reflective 


of above ground portions. 
ass distilled (g) | yield EO (g) | yield EO (%) 


l 
2 


%RSD 30.05 
(n=3) 


1 23720 atl FIO OG 0.13 
J 11877 17.9 1511.95 0.11 
3 10257 20.4 1539.92 0.10 


(n=3) 


%RSD 41.67 
(n=3) 


Prominent compounds detected in the trunk essential oil of three J. scopulorum trees included cis- 
thujopsene (41.0%, 34.1%, 27.4%), a-pinene (25.2%, 23.4%, 13.0%), cedrol (7.5%, 16.5%, 32.8%), allo- 
aromadendrene epoxide (3.2%, 5.3%, 4.5%), (E)-caryophyllene (2.0%, 2.1%, 3.2%), and widdrol (3.1%, 
2.1%, 2.1%). Cis-thujopsene was almost exclusively contained in the trunk essential oil, with a small 
percentage found in the branches, and only trace amounts detected in the leaf. Widdrol and cedrol are also 
prominent in the trunk essential oil compared to branch and leaf oil. Interestingly, the replicate samples of 
tree two showed considerable variation in a-pinene and cedrol. While the average value of a-pinene in the 
three trunk samples from tree two was similar to averages from trees one and three, a-pinene in the 
individual samples from tree two ranged from 8.6% to 46.9%. Variation of a-pinene in replicates from trees 
one and three, while pronounced, were much smaller with ranges of 14.8% to 31.5% and 7.3% to 21.7%, 
respectively. A similar result was found among the tree two replicates for both cis-thujopsene, which ranged 
from 24.5% to 40.3%, and cedrol, which ranged from 8.1% to 21.8%. These results are reported in Table 
4. This variability within the same tree 1s difficult to explain since sampling and extraction were identical. 
Perhaps future research could consider whether samples were taken nearer the branches or the roots, rather 
than as an indiscriminate whole. Another possibility to examine is whether the percentage of the unique 
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purple-red heartwood, compared to the amount of sapwood, cambium, or bark, in the distillation affects the 
essential oil composition. While all trunk samples contained some heartwood, it is possible the percentages 
in each were inconsistent, as the percentage of heartwood, sapwood, cambium, and bark was not 
distinguished in the sampling (Figure 1). 


Table 4. Variability of a-pinene, cis-thujopsene, and cedrol in all replicate distillations of J. 
scopulorum trunk essential oil. 


Trunk Essential Oil 
1 


Tree: 


aE 
5z Te [oe fur 


Interestingly, cis-thujopsene and cedrol were also found to be prominent aromatic compounds in 
the trunk essential oil of Juniperus osteosperma, a species habiting similar regions in Utah as J. scopulorum, 
albeit generally at different elevations (Adams 1987; Cronquist et al. 1972; Wilson et al. 2019). Further, a- 
pinene was found to be prominent in both the trunk and limb essential oils of J. osteosperma (Wilson et al. 
2019). 


Figure 1. Photo of J. scopulorum heartwood. All three trees contained purple-red heartwood. 
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Prominent compounds from J. scopulorum limb essential oil included a-pinene (82.0%, 85.1%, 
80.1%), 6-3-carene (4.7%, 2.6%, 6.8%), and cis-thujopsene (2.1%, 1.7%, 1.2%). Of all three plant portions, 
a-pinene was by far detected in the highest concentration in the limb essential oil. 


Prominent compounds from J. scopulorum leaf essential oil included sabinene (67.6%, 67.5%, 
65.6%), a-pinene (5.2%, 4.0%, 3.6%), terpinene-4-ol (3.5%, 3.1%, 4.9%), pregeijerene B (2.5%, 3.9%, 
1.9%), and y-terpinene (2.0%, 1.8%, 2.9%). Sabinene is the predominant compound measured in the leaf 
oil and was detected in much lower amounts in trunk and limb oil. Pregeijerene B was unique to the leaf 
oil, as only trace amounts were identified in limb oil, and pregeijerene B was not detected in the trunk oil. 
Not surprisingly, the leaf oil was composed primarily of monoterpenes. However, two unique terpenoids, 
an oxygenated sesquiterpene and an oxygenated diterpene, were found in the leaf oil at greater than 1%, 
which were only measured in trace amounts in the trunk and limb oil: 8-a-acetoxyelemol and 3-a-acetoxy 
manool. This finding supports previous work examining the presence of pregeijerene B and 8-a- 
acetoxyelemol in the leaf essential oil of multiple Juniperus species (Adams 2004). 


CONCLUSIONS 


This study establishes both the aromatic profile of J. scopulorum limb essential oil as well as the 
complete profile of the trunk essential oil, not just the heartwood alone. The results of this study also 
confirm previous studies showing that cis-thujopsene is a primary constituent of J. scopulorum trunk 
essential oil (Adams, 1987) and that sabinene is prominent in the leaf essential oil (Adams and Hagerman 
1976; Adams and Hagerman, 1977; Adams, 2009; Zheljazkov, et al. 2013; Zheljazkov, et al. 2017). 
However, our cis-thujopsene results are 20-30% lower than originally reported, likely because our sample 
was the entire trunk, not only heartwood (Adams, 1987). Our leaf oil also showed less variation than 
previously reported, likely due to our samples being harvested in the same season, same location, of similar 
maturity, and similar time of day. Our percent sabinene corresponded with the previously reported data 
about distillation time (Zheljazkov et al. 2013). The trunk and limb essential oils of J. scopulorum also 
contain similar profiles to those of J. osteosperma, while the leaf essential oils of both trees differ greatly 
from each other (Wilson et al. 2019). 


Each plant portion of J. scopulorum has a distinct essential oil profile. Trunk essential oil is high 
in cis-thujopsene (34.2%), a-pinene (20.5%), and cedrol (18.9%). Limb essential oil contained on average 
82.4% a-pinene. Leaf essential oil contained on average 66.9% sabinene. Yield was highest in the trunk 
essential oil, then leaf, then limbs, at 0.24%, 0.16%, and 0.11% respectively. 


Future research will focus on determining the cause of the variability in the trunk essential oil 
within a single tree. Plans include sectioning the trunk into heartwood, sapwood, and bark for distillation 
and comparison, as well as comparing homogenized samples of the whole trunk to trunk samples taken 
near both branches and roots of the tree. 


ACKNOWLEDGEMENTS 


This article is dedicated to the late Dr. Robert Adams in honor of his invaluable work on the 
Juniperus genus. The authors wish to personally thank him for sharing his expertise, for his guidance, and 
for his mentorship. 

The authors would also like to thank the following individuals and organizations for their assistance 
with the project: Mackenzie Jones, Sheldon Giles, Skyler Olson, Erin Riggs (UVU), and the D. Gary Young 
Research Institute for providing support and funding for this project. The whole trees that were cut down 
were located on private land; all portions of the tree were distilled and/or repurposed. 


Phytologia (March 22, 2021) 103(1) 17 


LITERATURE CITED 


Adams, R. P. 1979. Diurnal variation in the terpenoids of Juniperus scopulorum (Cupressaceae )—summer 
versus winter. Am. J. Bot. 66(8): 986-988. 

Adams, R. P. 1987. Investigation of Juniperus species of the United States for new Sources of Cedarwood 
Oil. Econ. Bot. 41(1): 48-54. 

Adams, R. P. 2004. The co-occurrence and systematic significance of pregeijerene B and 8-alpha- 
acetoxyelemol in Juniperus. Biochem. Syst. Ecol. 32(6): 559-563. 

Adams, R. P. 2007. Identification of essential oil components by gas chromatography / mass spectrometry. 
4* ed. Allured Publ., Carol Stream, IL. 

Adams, R. P. 2009. The leaf essential oil of Juniperus maritima RP Adams compared with J. horizontalis, 
J. scopulorum and J. virginiana oils. Phytologia. 91(1):31-39. 

Adams, R. P. 2015. Allopatric hybridization and introgression between Juniperus maritima RP Adams and 
J. scopulorum Sarg. II. Additional Evidence from nuclear and cpDNA genes in Montana, 
Wyoming, Idaho and Utah. Phytologia, 97(3): 189-199. 

Adams, R. P. and A. E. Schwarzbach. 2013. Taxonomy of the serrate leaf Juniperus of North America: 
Phylogenetic analyses using nrDNA and four cpDNA regions. Phytologia 95(2): 172-178. 

Adams, R. P. and A. Hagerman. 1976. A comparison of the volatile oils of mature versus young leaves of 
Juniperus scopulorum: chemosystematic significance. Biochem. Syst. Ecol. 4(2): 75-79. 

Adams, R. P. and A. Hagerman. 1977. Diurnal variation in the volatile terpenoids of Juniperus scopulorum 
(Cupressaceae). Am. J. Bot., 64(3): 278-285. 

Adams, R. P. and R. A. Powell. 1976. Seasonal variation of sexual differences in the volatile oil of 
Juniperus scopulorum. Phytochemistry 15(4): 509-510. 

Cronquist, A., A. H. Holmgren, N. H. Holmgren, J. L. Reveal, and P. I. Holmgren. 1972. Intermountain 
flora-vascular plants of the intermountain west, USA, Vol. 1. 

Kindscher, K. 1992. Medicinal wild plants of the prairie. An ethnobotanical guide. University Press of 
Kansas. 

Powell, R. A. and R. P. Adams. 1973. Seasonal variation in the volatile terpenoids of Juniperus scopulorum 
(Cupressaceae). Am. J. Bot. 60(10): 1041-1050. 

Welsh, S. L. 1993. A Utah flora. Monte L Bean Life Science Museum. 

Wilson, T. M., A. Poulson, C. Packer, J. Marshall, R. Carlson, and R. M. Buch. 2019. Essential oils of 
whole tree, trunk, limbs and leaves of Juniperus osteosperma from Utah. Phytologia 101(3): 188- 
193. 

Zheljazkov, V. D., T. Astatkie, E. A. Jeliazkova, A. O. Tatman, and V. Schlegel. 2013. Distillation time 
alters essential oil yield, composition and antioxidant activity of female Juniperus scopulorum 
trees. J. Essent. Oil Res. 25(1): 62-69. 

Zheljazkov, V. D., T. Astatkie, E. A. Jeliazkova, B. Heidel, and L. Ciampa. 2017. Essential oil content, 
composition and bioactivity of Juniper species in Wyoming, United States. Nat. Prod. 
Commun. /2(2): 201-204. 


